isotopes by thermal ionization mass spectrometry (TIMS). Firstly, a Sr-bearing fraction and a REE fraction are separated from the major elements of a decomposed sample solution using H + by micro-milling, only the second step of column separation is applied, directly separating the Sr fraction from the decomposed sample solution. The total procedural blank of these chemical separation procedures are very low, comparable to the lowest blank in static multi-collection mode. The mean value and reproducibility for standard 
Introduction
Strontium isotopes are widely used as a tracer and chronometer in geochemical studies. To understand mantle and crustal evolution processes, 87 Sr/ 86 Sr in igneous rocks is routinely analyzed and has been a versatile tool.
The development of high sensitivity Sr isotope ratio measurements using thermal ionization mass spectrometry the small amount of sample (< 0.1 mg) obtained by microphenocrysts in volcanic rocks, enabling different magma sources recorded in chemical zoning of a plagioclase crystal to be identified, and ultimately contributes to studies on magma generation and evolution processes (e.g., Tatsumi et al., 2008) .
To achieve the high sensitivity necessary for MM-TIMS analyses, high-purity separation of Sr from a small amount of sample is crucial. H + for silicate rock samples (e.g., Kagami et al., 1987; Hamamoto et al., 2000) . However, a large amount of total elution regent is necessary to isolate Sr from a rock solution provides a high selectivity of Sr (Birck, 1986; Yoshikawa and Nakamura, 1993) . This method can effectively separate Sr from samples with high-Mg and high-Ca concentrations.
However, the processes necessary to prepare and purify the reagents and the separation procedure are very complicated.
spec resin) consisting of bis-tert-butyl-cis 18 C 6 ) in 1-octanol adsorbed on et al., et al., 2000) . The resin can also reduce the amount of eluent necessary. Therefore, the Sr-spec resin is particularly useful in the analysis of small amounts of silicate samples, such as micro-milled samples.
Here we describe a chemical separation procedure for and then stored in water.
Samples were decomposed and the eluate was ® ).
These were washed before use with TMSC ® 3 , 6 M HCl and Milli-Q water using an ultrasonic bath and/or hot plate at each stage.
Overview of separation procedures for Sr
For the measurement of whole rock samples, about 20 times, following the procedure of Yoshikawa and Nakamura (1993).
Sampling by micro-milling, described in detail by Takahashi et al. (2005) and Tatsumi et al. (2008) , typically produces < 0.1 mg of sample. The decomposition procedure followed for micro-milled samples was basically the same acid regents used to dissolve the sample were reduced to minimize the blank because the sample mass is so low.
To separate and purify Sr from the decomposed whole rock sample solution two-step column chromatography was in Fig. 1 . For the micro-milled samples only the second column was used, as with such small amounts of sample, the levels of contamination.
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separation of small volume micro-milled samples.
First column separation procedure
The first column separates an eluate of Sr, Rb and Ca, and an eluate of rare earth elements (REE) and Ba from + Initially the decomposed and dried sample was dissolved in into a polypropylene column with polyethylene filter. The resin was serially cleaned with 1 ml of 1 M HF, 7 ml of 6 M ml of 2.5 M HCl. The dissolved sample solution was then the column was washed with 3 ml of 2.5 M HCl, and the resulting eluate rejected. The eluate containing Sr, Rb and Ca
The eluant was changed from 2.5 M HCl to 6 M HCl and 5.5 ml added in order to collect the eluate of REE and Ba.
Finally, both eluates were dried out. The separation procedure of Nd from the REE containing fraction is described in detail by Hirahara et al. (2009) .
Second column separation procedure
The second column contains Sr-spec resin and isolates Sr from the Sr-bearing fraction collected in the containing fraction was added to one drop of concentrated HNO 3 , and was then dried out to convert it to the nitric- In the case of micro-milled samples, the decomposed sample solution was loaded directly into the second column ml of 2 M HNO 3 . This produced an eluate containing most washed with 0.8 ml of 7 M HNO 3 producing an eluate containing mostly Ba, which was also rejected. Finally the column was washed with 0.15 ml of 2 M HNO 3 and an eluate fraction containing only Sr was collected and dried out.
The Sr separates generated by the second column for both types of sample were then analyzed for Sr isotopes using TIMS.
TIMS procedure
of 1 M HNO 3 , and loaded with a Ta activator (Birck, 1986) For the micro-milled samples the entire collected Sr fraction (typically < 20 ng) was loaded. The Ta activator is an ionization activator for Sr, and was used in order to obtain procedure of Yoshikawa and Nakamura (1993) was followed.
Sr isotope analyses were carried out on a Thermo 
